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(54) Bicycle battery charger and speedometer circuit 



(57) A circuit that receives signals from a dynamo 
and provides signals for charging a battery and indicat- 
ing bicycle speed. The circuit includes a first switching 
circuit adapted to receive the dynamo signals and pro- 
vide first signals for charging the battery; and a second 
switching circuit adapted to receive the dynamo signals 



and provide second signals for indicating bicycle speed. 
If the dynamo outputs periodic signals, the first signals 
may correspond to one of the half periods of the periodic 
signals (e.g., the positive half periods), and the second 
signals may correspond to the other half periods (e.g., 
the negative half periods) of the periodic signals. 
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Description 

[0001] The present invention is directed to bicycles 
and, more particularly, to a circuit that receives signals 
from a dynamo and provides signals for charging a bat- 
tery and indicating bicycle speed. 
[0002] Bicycles often are equipped with dynamos for 
powering headlights and other types of lights. Contem- 
porary bicycles, however, are equipped not only with 
such lights but also with actuators for operating electri- 
cally driven shifters, actuators for adjusting the damp- 
ening force of an electrically driven suspension, indica- 
tor backlights for cycle computers, and the like. Such 
equipment will be referred to below as "electrically driv- 
en units", and they also receive their power from the dy- 
namo. These electrically driven units begin operating 
unstably when their electric drive voltage falls below a 
specific level, so some accommodation must be made 
for supplying stable electric drive voltage to them. In 
late-model bicycles, a dynamo charges a secondary 
battery which, m turn, powers the electrically driven 
units. Because stable electric drive voltage is needed to 
energize such electrically driven units in the above-de- 
scribed manner, the present inventor has already de- 
vised and proposed an apparatus that allows the charg- 
ing voltage to be detected and a stabilized charging volt- 
age to be obtained through appropriate switching of the 
dynamo output. 

[0003] Speedometers are sometimes mounted on bi- 
cycles. Such speedometers operate with speed detec- 
tion signals such as signals from a sensor that senses 
signals from a magnet mounted to the bicycle wheel. A 
technique for retrieving speed detection signals from a 
dynamo output is disclosed in JP (Kokai) 7-229909. 
However, when the dynamo output is switched in a con- 
• trolled manner in order to control the charging voltage, 
the voltage drop varies significantly because of the pres- 
ence of a load resistance, an impedance or inductance 
in the dynamo, or the like. The switching also induces 
substantial disruptions in the output waveform of the dy- 
namo. Low-pass filters and other circuits are needed in 
order to obtain a speed detection signal from a signal 
whose waveform is markedly disrupted in this manner, 
thus increasing the size and cost of the device. 
[0004] The present invention is directed to a compar- 
atively simple circuit that receives signals from a dyna- 
mo and provides stable signals for charging a battery 
and indicating bicycle speed. In one embodiment of the 
present invention, such a circuit includes a first switch- 
ing circuit adapted to receive the dynamo signals and 
provide first signals for charging the battery; and a sec- 
ond switching circuit adapted to receive the dynamo sig- 
nals and provide second signals for indicating bicycle 
speed. In a more specific embodiment adapted for use 
with a dynamo that outputs periodic signals, the first sig- 
nals may correspond to one of the half p riods of the 
periodic signals (e.g., the positive half periods), and the 
second signals may co respond to the other half p riods 
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(e.g., th negative half periods) of th periodic signals. 
This may be accomplished using diode lements in the 
first and second switching circuits. A third switching cir- 
cuit may be provided for selectively inhibiting the output 
of the first signals to the battery until the circuit is suffi- 
ciently stable, and a pulse signal circuit may be provided 
for producing pulse signals from the second signals to 
facilitate the operation of the speedometer. 

Fig. 1 is a conceptual schematic diagram of a par- 
ticular embodiment of a battery charging and speed 
indicating circuit according to the present invention; 

Fig. 2 is a detailed schematic diagram of the circuit 
shown in Fig. 1; and 

Figs. 3(A) and 3(B) are diagrams of waveforms out- 
put by the second switching circuit and the dynamo, 
respectively. 
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schematic diagram of a 
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particular embodiment of a battery charging and speed 
indicating circuit according to the present invention . The 
circuit comprises a dynamo 1 (generator), a first rectify- 

25 ing circuit 2 (first switching circuit), a second rectifying 
circuit 6 (second switching circuit), a secondary battery 
3 (e.g., a capacitor) as a power supply for electrically 
driven units, and a switch 5 (third switching circuit) dis- 
posed between the dynamo 1 and the secondary battery 

30 3. The circuit further comprises and a Schmitt circuit 7 
coupled to the second rectifying circuit 6 for waveform 
shaping. 

[0006] The dynamo 1 may, for example, be a hub dy- 
namo built into the hub of the bicycle front wheel, and it 

35 is provided with an internal impedance R and an internal 
inductance L. The rectifying circuit 2 contains diodes or 
the like to rectify the alternating-current voltage output 
by the dynamo 1 and to provide the secondary battery 
3 with the resulting positive or negative (e.g., positive) 

40 half-periods. The switch 5 contains capacitors, transis- 
tors or the like for selectively inhibiting the communica- 
tion of the signals from rectifying circuit 2 to battery 3. 
The second rectifying circuit 6 contains diodes or the 
like to rectify the alternating-current voltage output by 

45 the dynamo 1 and to provide the speedometer circuit 
(not shown) with the resulting positive or negative (e.g., 
negative) half-periods as a speed detection signal. The 
Schmitt circuit 7 receives the output of the second rec- 
tifying circuit 6 and outputs a pulse signal such as the 

so one shown in Fig. 1 to facilitate the operation of the 
speedometer, which usually comprises a microcomput- 
er. 

[0007] The signal waveforms of the various compo- 
nents of the circuit shown in Fig. 1 will now be described. 
55 The switch 5 is open or closed in accordance with the 
charging voltage of the secondary battery 3. The switch- 
ing operation causes the load resistance to change 
abruptly, thus markedly varying the voltage drop due to 
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the effect of the internal impedance R or internal induct- 
ance L of the dynamo 1 . The dynamo output waveform 
is thereby disrupted violently as shown in Fig. 1 . In this 
case, the output waveform is disrupted only during the 
positive half -periods because charging occurs only dur- 
ing these half-periods. In conventional devices a low- 
pass filter or other circuit is needed to derive a speed 
detection signal from such a disrupted output waveform. 
In view of this, the present embodiment is configured 
such that the second rectifying circuit 6 retrieves the 
negative half-periods of the output provided by the dy- 
namo 1 , and the signal waveform is shaped to provide 
a pulse signal for speed detection. As shown in Fig. 1, 
the speed detection signal can be readily formed without 
waveform disruption. 

[0008] Fig. 2 is a detailed schematic diagram of the 
circuit shown in Fig. 1 . In the circuit shown in Fig. 2, the 
positive and negative parts of the waveforms output by 
the dynamo 1 are the opposite of those produced by the 
circuit shown in Fig. 1 . 

[0009] As shown in Fig. 2, dynamo 1 is coupled with 
a first capacitor C1 , a second capacitor C2, a first diode 
D1 , and a second diode D2. In this circuit, the first and 
second capacitors C1 , C2 and the first and second di- 
odes D1 , D2 constitute a voltage-doubling rectifier cir- 
cuit. The first capacitor C1 is charged during the positive 
half-cycle of dynamo 1 output, and during the subse- 
quent negative half-cycle the second capacitor C2 is 
charged with voltage equal to the voltage generated by 
dynamo 1 plus the charged voltage of the first capacitor 
Ct. Thus, the second capacitor C2 can acquire high 
charged voltage at low speed. The second capacitor C2 
functions as a power supply for driving first and third 
field-effect transistors FET1 and FET3, described later. 
[0010] A third diode D3 serving as a rectifier circuit is 
coupled with dynamo 1 , and the output of this third diode 
D3 is coupled, via the first field-effect transistor (herein- 
after simply "transistor") FET1 , to a third capacitor C3 
serving as a rechargeable battery. The gate of first tran- 
sistor FET1 is coupled, via a first resistor R1 , to the sec- 
ond capacitor C2. In this circuit, the third diode D3 allows 
the third capacitor C3 to be charged, via first transistor 
FET1 , with the output of dynamo 1 only during the neg- 
ative half-cycle thereof. As is well known for such tran- 
sistors, if the potential at the gate of first transistor FET1 
is higher than that at the source by more than a prede- 
termined level (2 V, for example), first transistor FET1 
switches on. Since the voltage of the second capacitor 
C2 is applied to the gate of the first transistor FET1 , the 
applied voltage is sufficiently high even under the low 
speed condition described earlier, the first transistor 
FET1 is stabilized in the ON state, and the third capac- 
itor C3 charging operation is stabilized. 
[0011] The second transistor FET2, third transistor 
FET3 (corresponding to switch 5 in Fig. 1) and lamp 4 
are connected in series to dynamo 1 . Diode D5, shown 
connected in parallel with second transistor FET2, and 
diode D4, shown connected in parallel with third transis- 



tor FET3, are parasitic diodes for the respective transis- 
tors FET2, FET3. The gate of the second transistor 
FET2 is coupled via a second resistor R2 to the second 
capacitor C2, and the gate of the third transistor FET3 
5 is coupled to a control circuit 10. A third resistor R3 is 
also connected in parallel with the gate of third transistor 
FET3. 

[0012] With this circuit arrangement, the gate poten- 
tial of the first transistor FET1 can be controlled by con- 

10 trol circuit 10 to control charging of the third capacitor 
C3, and the gate potential of the third transistor FET3 
can be controlled according to the charged voltage of 
the third capacitor C3 to control on/off operation of the 
third transistor FET3. By switching off the second tran- 

is sistor FET2 together with the third transistor FET3, the 
lamp 4 can be extinguished completely. 
[001 3] Diode D6 is connected to the output of dynamo 
1 to rectify the alternating-current voltage output by the 
dynamo 1 and to output the positive half-periods of the 

20 dynamo signals. The Schmitt circuit 7 receives the out- 
put of diode D6 and outputs a pulse signal such as the 
one shown in Fig. 1 as a speed detection signal to facil- 
itate the operation of the speedometer, which usually 
comprises a microcomputer (not shown). Thus, the 

25 speed detection signal is produced from the positive 
half -periods of the generator output. : 
[0014] The operation of the circuit will now be de- 
scribed. It is assumed that all capacitors are initially 
empty. First, during the positive half-cycle of the output 

30 of dynamo 1 , current flows over path (1 ) : 

(1) : dynamo D1 C1 dynamo 

[0015] This results in charging the first capacitor C1 . 
The voltage across the first capacitor C1 reaches ap- 
proximately the dynamo, output peak voltage of 0.6 V. 
35 [0016] During the subsequent negative half -cycle cur- 
rent flows in reverse over path (2) : 

(2) : 

dynamo C1 D2 C2 D5 dynamo 
[0017] This results in charging the second capacitor 

40 C2. The current supplied to the second capacitor C2 is 
equal to the current from dynamo 1 plus current from 
the charged first capacitor C1 . Thus, the second capac- 
itor C2 can be charged adequately even at low speed. 
When the. voltage across the second capacitor C2 

45 reaches {(voltage across C3) + (ON trigger voltage for 
gate of FET1)}, the first transistor FET1 turns on. The 
second transistor FET2 turns on as well. Thus, current 
now flows also over path (3): 

(3) : 

so dynamo D3 FET1 C3 FET2 dynamo 
[001 8] This initiates charging of the third capacitor C3. 
With this arrangement, the third capacitor C3 can be sta- 
bly charged to relatively high voltage during the negative 
half-cycle of dynamo output only. Furthermore, as the 

55 voltage applied to the gate of the first transistor FET1 
can be stabilized by the second capacitor C2, the ON 
state of the first transistor FET1 can be stabilized. 
[0019] At this time the voltage across the third capac- 
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itor C3 is not adequate for driving other electrically pow- 
ered units in a stable manner. Thus, the voltage applied 
to the gate of the third transistor FET3 is controlled by 
the control circuit 10 so that the third transistor FET3 
remains off. During the positive half-cycle, the first ca- 
pacitor C1 is charged by means of current flowing over 
path (1) : 

(1 ) : dynamo D1 C1 dynamo 

as described above, and the lamp 4 is lit by means of 
current flowing over path (4) : 

(4): 

dynamo FET2 D4 lamp dynamo. 
[0020] During the subsequent negative half-cycle, the 
second capacitor C2 and third capacitor C3 are charged 
by means of current flowing over path (2) : 

(2) : 

dynamo C1 D2 C2 FET2 dynamo 
and current flowing over path (3) : 

(3) : 

dynamo D3 FET1 C3 FET2 dynamo. 

r/\/\*\*_t t*i_ _ . . i_ _ . ._ _ — _ _ ,^ , i.„ ._„_...ri_ 

[wu&i j i itc gwuv c upci duui i oy ITicdrrS Oi eUiTeriL llOw- 

ing over paths (1 ) and (4) during the positive half-cycle 
of dynamo output and operation by means of current 
flowing over paths (2) and (3) during the negative half- 
cycle, are performed repeatedly. 

[0022] When electric current flows along paths (1 ) and 
(4), the dynamo output of positive half-periods is extract- 
ed by the diode D6, and the waveform is shaped by the 
Schmitt circuit 7. The pulse signal generated by the Sch- 
mitt circuit 7 is used as a speed detection signal. During 
positive half-periods, the load varies only slightly be- 
cause it consists of the lamp 4 alone. Thus, a speed de- 
tection signal can be provided during those positive half- 
periods in a simple and accurate manner. 
[0023] Fig. 3(b) shows the waveform of dynamo out- 
put in this case, and Fig. 3(a) shows the waveform of 
the diode D6 (which is also the waveform of the voltage 
applied to the lamp 4). As will be apparent from the draw- 
ings, the lamp 4 is lit during the positive half-cycle of 
dynamo output, while the rechargeable battery (capac- 
itor C3) is charged during the negative half-cycle. In Fig. 
3(b), the positive peak voltage V1 is lower than the neg- 
ative peak voltage V2; this is due to a drop in voltage in 
the dynamo resulting from the lamp load. The third ca- 
pacitor C3 is repeatedly recharged in this manner, and 
when the voltage across the third capacitor C3 reaches 
a level sufficient to drive other devices, the third transis- 
tor FET3 is turned on by the control circuit 1 0. This caus- 
es current to flow over path (5); 
(5) 

dynamo lamp FET3 FET2 dynamo 
so that the lamp lights. In this state the lamp is lit not 
intermittently, but continuously during both the positive 
and negative half-cycles of dynamo output. The lamp 4 
can be extinguished completely by switching off the sec- 
ond transistor FET2 in addition to the third transistor 
FET3. 

[0024] While the above is a description of various em- 



bodiments of the present invention, further modifica- 
tions may be employed without departing from the spirit 
and scope of the present invention. For example, the 
size : shape, location or orientation of the various com- 

5 ponents may be changed as desired. Components that 
are shown directly connected or contacting each other 
may have intermediate structures disposed between 
them. The functions of one element may be performed 
by two, and vice versa. It is not necessary for all advan- 

10 tages to be present in a particular embodiment at the 
same time. Every feature which is unique from the prior 
art, alone or in combination with other features, also 
should be considered a separate description of further 
inventions by the applicant, including the structural and/ 

is or functional concepts embodied by such feature(s). 
Thus, the scope of the invention should not be limited 
by the specific structures disclosed or the apparent ini- 
tial focus on a particular structure or feature. 

20 

Claims 

1 . A circuit that receives signals from a dynamo (1 ) 
and provides signals for charging a battery (3) and 
25 indicating bicycle speed, wherein the circuit com- 
prises: 

a first switching circuit (2) adapted to receive 
the dynamo signals and provide first signals for 
30 charging the battery (3); and 

a second switching circuit (6) adapted to re- 
ceive the dynamo signals and provide second 
signals for indicating bicycle speed. 

35 2. The circuit according to claim 1 further comprising 
a pulse signal circuit (7) for providing pulse signals 
from the second signals. 

3. The circuit according to claim 2 wherein the pulse 
40 signal circuit (7) comprises a Schmitt circuit (7). 

4. The circuit according to any preceding claim further 
comprising a third switching circuit (5) that selec- 
tively inhibits the output of the first signals to the 

45 battery (3). 

5. The circuit according to claim 4 wherein the third 
switching circuit (5) comprises a transistor (FET3). 

50 6. The circuit according to any preceding claim where- 
in the first switching circuit (2) comprises a first di- 
ode element (D2), and wherein the second switch- 
ing circuit (6) comprises a second diode element 
(D3). 

55 

7. The circuit according to any preceding claim where- 
in the dynamo signals are periodic signals, wherein 
the first signals correspond to one of the half periods 
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of the periodic signals, and wherein the second sig- 
nals correspond to the other half periods of the pe- 
riodic signals. 

8. The circuit according to claim 7 wherein the first sig- 
nals correspond to positive half periods of the peri- 
odic signals, and wherein the second signals corre- 
spond to negative half periods of the periodic sig- 
nals. 
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(54) Bicycle battery charger and speedometer circuit 



(57) A circuit that receives signals from a dynamo 
and provides signals for charging a battery (3) and indi- 
cating bicycle speed. The circuit includes a first switch- 
ing circuit (2) adapted to receive the dynamo signals and 
provide first signals for charging the battery; and a sec- 
ond switching circuit (6) adapted to receive the dynamo 



signals and provide second signals for indicating bicycle 
speed. If the dynamo outputs periodic signals, the first 
signals may correspond to one of the half periods of the 
periodic signals (e.g., the positive half periods), and the 
second signals may correspond to the other half periods 
(e.g., the negative half periods) of the periodic signals. 
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